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Background To help understand the potential impact of the
2009 HIN1 pandemic in Africa, we reviewed published data from
Africa of the two previous influenza pandemics.

Methods We conducted a systematic search of three biomedical
databases for articles in any language on 1957 H2N2 or 1968
H3N2 pandemic influenza virus infection in Africa published
from January 1950 through August 2008.

Results We identified 1327 potentially relevant articles, and 298
warranted further review. Fourteen studies on 1968 H3N2
influenza met inclusion criteria, while two studies identified
describing 1957 H2N2 were excluded for data limitations. Among
these 14 studies, community attack rates for symptomatic
infection during all 1968 pandemic waves were around 20%.
However, the proportion infected in communities ranged from

6% in isolated communities to 100% in enclosed populations. A
total of 22-64% of sampled clinic patients and 8-72% of
hospitalized patients had evidence of 1968 H3N2 virus infection.
After the second pandemic wave, up to 41-75% of persons tested
had serological evidence of 1968 H3N2 virus infection.

Conclusion The 1968 H3N2 influenza pandemic, generally
regarded as mild worldwide, appears to have had a substantial
impact upon public health in Africa. Without more epidemiologic
data the impact of the 2009 HIN1 pandemic in Africa cannot be
assumed to have been mild. Assessment of the burden of 2009
HINT1 virus and future influenza pandemics in Africa should
attempt to assess disease impact by a variety of methods,
including substudies among specific populations.
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Introduction

As of April 2010, 2009 pandemic influenza A (HINI1)
(2009 HIN1) virus had spread rapidly to every continent
and been confirmed in more than 209 territories and coun-
tries." However, very limited epidemiologic data have been
collected which describe the impact of the 2009 HINI1
virus on African populations. Influenza data collected prior
to the 2009 pandemic from tropical countries in West
Africa,”™ Asia,”® and South America suggest that influenza
virus activity occurs at moderate to high levels with mor-
bidity comparable to that in developed nations.”'® Further-
more, hospital studies from Africa suggest that the burden
of influenza among young children and the elderly may be
substantial.'"™"” In Africa, access to health care, poor nutri-
tion, chronic infections such as HIV, inadequate sanitation,
lack of clean water, indoor air pollution, and family crowd-

ing with large numbers of children could contribute to
increased influenza morbidity and mortality.'®° Further-
more, modeling studies suggest that the burden of pan-
demic influenza could be substantial in Africa.’’ While
recent efforts have been made to increase the influenza sur-
veillance capacity in Africa, many challenges remain.”*™* A
more complete characterization of seasonal and pandemic
influenza activity in Africa can help public health policy
makers to prioritize disease surveillance and control efforts
in the region.

In light of the limited data currently available from the
2009 influenza pandemic in Africa, we undertook this
study to determine the impact of the two previous mild-
to-moderate influenza pandemics upon African popula-
tions. We aimed to review attack rates, disease severity, and
geographic and temporal activity data during the 1957 and
1968 influenza pandemics in the continent.
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Methods

In August 2008, we created an Africa influenza article data-
base including all published articles pertaining to influenza
virus infection of humans in Africa since 1950. We con-
ducted a systematic search of all articles in any language
related to influenza virus infection of humans in Africa using
the following electronic databases for primary studies:
Pubmed (http://www.ncbi.nlm.nih.gov/pubmed/, 1950 to
August 2008), EMBASE (http://www.embase.com, 1974 to
August 2008), and Web of Science (http://isiknowledge.com,
1945 to August 2008) (details of the complete search strategy
are provided in Table S1). We also searched journals and
contacted experts in the field. Eligible abstracts were
reviewed independently by two authors to determine
whether they included data about human influenza research
in the African continent (excluding surveillance and news
reports), laboratory-confirmation of influenza virus infec-
tion, and reported laboratory methods. All relevant articles
were obtained for inclusion in the database. When there was
disagreement about the relevance of an article, it was also
obtained for inclusion in the database.

In December 2009, during the influenza A (HIN1) pan-
demic, we used the Africa Influenza Article Database to com-
plete a systematic review to gain insight into the impact of
previous pandemics on the African continent. We did not
publish a review protocol, and we did not seek to register this
systematic review. Two of the authors independently
reviewed all complete articles in the database to identify
studies containing data on human infection with influenza
A/Asian/57 (H2N2) (1957 H2N2) or influenza A/Hong
Kong/68 (H3N2) (1968 H3N2) viruses collected during the
2 years after the emergence of each virus. Disagreement was
settled by a third author. Data were extracted by persons flu-
ent in the publication language. Extracted data included
locale, study type, case definitions used, sample population
characteristics, influenza laboratory testing methods and def-
initions of positive tests, and other collected epidemiologic
data. Risk of bias in individual articles was assessed by the
absence of the following key study characteristics: defined
specimen collection criteria, defined subject recruitment cri-
teria, defined laboratory methods using WHO-approved
reagents or confirmatory tests, defined positive laboratory
values, and reported the number of persons tested and the
number of tests positive. Studies were expected to be hetero-
geneous, and the a priori analysis plan was to compare find-
ings without aggregating data.

Results

Description of included studies
In August 2008, we created a database of all published arti-
cles pertaining to influenza virus infection of humans in

Africa since 1950. A total of 1326 unique potentially rele-
vant articles were identified for the database (Figure 1).
Biomedical database queries identified 1284 potentially rele-
vant articles, and an additional 42 potentially relevant arti-
cles added after discussion with experts and additional
literature review. Of these, 1029 citations did not meet the
inclusion criteria (primary studies of human infection by
human influenza virus in Africa) and were excluded after
first screen of titles and abstracts. The remaining 297 arti-
cles comprised the Africa influenza article database.

In December 2009, we reviewed the Africa influenza arti-
cle database for studies pertaining to the 1957 and 1968
influenza pandemics. Of the 297 articles, 83 articles poten-
tially described data on human infection by either 1957
H2N2 or 1968 H3N2 influenza virus based on a screen of
titles and abstracts. Next, the complete 83 potentially rele-
vant articles were read, and 16 were found to have data on
human infection with 1957 H2N2 or 1968 H3N2 virus
occurring within 2 years of the emergence of each virus,
the inclusion criteria for this study.”>™*° Only two articles
had data on the 1957 H2N2 pandemic,”>*’ while 14 had
data from the 1968 H3N2 pandemic. Due to the limited
number of articles on 1957 H2N2 pandemic influenza as
well as a lack of a defined study population in either arti-
cle, these two articles were excluded from further review
(summary data from these articles are available in
Table S2).

The 14 reviewed articles reported findings for laboratory-
confirmed pandemic 1968 H3N2 virus infection in four
African Regions: North (14%) (Table 1), West (21%)
(Table 2), East (36%) (Table 3), and Southern Africa
(29%) (Table 4). Articles included investigations conducted
among hospitalized patients (14%), outpatient clinic
patients (7%), general communities (50%), and mixed
populations (36%). Study design categories included: cross-
sectional (36%); prospective (43%); vaccine effectiveness
studies (14%); and a combination of study designs (7%).
None of the articles reported detailed epidemiologic or
clinical data of the subject population, defined subject
recruitment criteria, or defined specimen collection criteria.
All of the studies reported laboratory methods using
WHO-approved reagents or confirmatory tests. The pri-
mary diagnostic methods were isolation of virus by viral
culture from respiratory specimens (7%), and serological
detection of 1968 H3N2 virus antibodies by hemagglutina-
tion inhibition (HAI) assays (79%) or by single radial dif-
fusion (SDR) assay (14%). A majority of articles (57%)
also included 1968 H3N2 virus culture confirmation during
clinical illness in a subset of subjects. The primary out-
comes included symptomatic influenza virus infection by
demonstrating rise in antibody titers between tests (paired
serology) (29%), evidence of prior influenza virus infection
by single serology (21%), evidence of acute influenza virus
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Figure 1. Study flow chart. Note: (i) All articles identified by our search of biomedical databases were considered potentially relevant. (i) Articles
selected for further review (first screen) had abstracts and titles suggesting that the studies included data about human research in the African
continent, had laboratory-confirmation of influenza virus infection, and described laboratory methods. (iii) Citations selected for further review were
confirmed to meet criteria from the first screen after review of complete articles. (iv) Articles were then screened for eligibility criteria (second screen)
by review of abstracts and titles suggesting that the studies included data on human infection with influenza A/Asian/57 (H2N2) (1957 H2N2) or
influenza A/Hong Kong/68 (H3N2) (1968 H3N2) viruses during the two years after the emergence of each virus. (v) Articles included in the
systematic review were confirmed to meet criteria from the second screen after review of complete articles.

infection by culture (7%), influenza-like illness (ILI) with
culture-confirmed influenza virus infection in a subset
(7%), and a combination of these outcomes (36%).

Timing of 1968 H3N2 pandemic influenza activity
in Africa

During the first wave of the pandemic in 1968-1969, the
timing of influenza activity in Africa varied considerably
across the continent (Figure 2). The earliest evidence of
pandemic influenza was in West Africa, where peak
activity differed substantially between countries. In Gam-
bia, the timing of the epidemic, defined by the timing of
elevated antibodies in the population suggests that pan-
demic H3N2 peaked between November 1968 and March
1969.>°® While a study from Senegal reported that the
number influenza cases first increased between July and
September 1969.%° In North Africa, a prospective series
of serologic studies from Egypt reported the highest rise
in 1968 H3N2 antibody titers during December 1968,
suggesting a peak in viral activity near that time.”® In
East Africa, Sudan experienced an increase in ILI cases
(in a sub-study without influenza testing) from February
1969 through June 1969, whereas Kenya, Tanzania, and
Uganda experienced increases in influenza cases slightly

later, from April 1969 to August 1969.>*® Finally, cases
peaked in South Africa between May and June
1969.27:29:32

A second wave of pandemic H3N2 activity occurred later
in the 1969-1970 season (Figure 2). East Africa had the
earliest evidence of a second wave of influenza from Octo-
ber 1969 to February 1970 in Kenya, Tanzania, and
Uganda; however, influenza activity lasted into June 1970
in Sudan.***> In North Africa, a study from Algeria
reported that pandemic influenza activity started in
November 1969, while monthly sampling in Egypt identi-
fied the highest rise in influenza antibody titers during Jan-
uary 1970. In West Africa, Gambia did not have influenza
activity until between March and November 1970.*° There
were no data among included articles on the timing of the
second wave in South Africa.

Pandemic influenza A (H3N2) virus infection in
Africa

The proportion of persons infected among specific popula-
tions can be determined from most of the articles, however,
due to study design limitations, population-based pan-
demic influenza incidence among the general population
cannot be determined.
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Table 1. North Africa 1968 pandemic influenza A (H3N2) articles included in review

Specimen
Article and collection Outcome Pandemic H3N2
study type Time period definition measured Population attack rate
e Hosny AH, et al.,  Multiple locations ~ 1968-1970 None reported Evidence of past 1549 persons in 73% (1134/1549)

J Egypt Public
Health Assoc.
1972 Prospective
Cohort

in Egypt

November to
December 1969

e Bouguermouh A,  Algeria
et al., Arch Inst
Pasteur Alger.
1970
Cross-sectional
survey

influenza virus

1968/69 had

Undefined ILI

infection single serology

1103 persons in 73% (808/1103)

1969/70 had

single serology

Symptomatic Unreported Cannot be

influenza virus number of determined
infection by symptomatic
culture persons

identified in the

community

Paired serology, acute and convalescent sera; single serology, cross-sectional single serum; ILI, influenza-like illness. Geographic categories are

based on United Nations geographic subregions.*’

Northern Africa

Two articles were identified from North Africa (Table 1).
In one study, pandemic influenza was confirmed from
an unreported number of Algerians with febrile acute
respiratory illness from whom clinical specimens were
collected for viral culture.”® Another study reported HAI
titers against pandemic H3N2 during the 1969-1970 and
1970-1971 influenza seasons in an undefined population
which included at least some hospitalized patients.’® In a
substudy during the 1968-1969 season, 1134/1549 (73%)
sera from an undefined population were positive for
H3N2 antibodies, suggesting high rates of pandemic
infection in the study population during the first wave.
After the second wave of the pandemic in 1969-1970,
the proportion of seropositive serum samples remained
unchanged at 808/1103 (73%) suggesting a much lower
incidence during the second wave among persons
studied.

In a different sub-study, paired sera from 80 children
clinically diagnosed with influenza were tested by HAI dur-
ing 1968-1969. While only summary geometric mean titers
(GMT) were reported, these data demonstrated a fourfold
rise in GMT between acute (94 GMT) and convalescent
(379 GMT) phases of illness. These data demonstrate large
increases in antibody titers associated with clinical influ-
enza illness among children studied during the first wave
of the pandemic.

West Africa
Three articles were identified from West Africa (Table 2).
In the first article, pandemic H3N2 virus infection was

confirmed among an unreported number of Senegalese per-
sons with febrile acute respiratory illness from May to Sep-
tember 1969 by culture of respiratory specimens and
testing of paired sera.*

Two articles from Gambia reported data from the
same communities during 1967 through 1975.°>°® In the
first study, serial blood draws were performed on persons
in two nearby villages.”® Evidence of antibody serocon-
version to pandemic H3N2 influenza was determined by
SDR assay. In one village, between November 1968 and
March 1969, 10/32 (31%) persons had evidence of acute
H3N2 virus infection, a rise from 0/32 during the pre-
ceding 4 months. In the second village, 6/27 (22%) sero-
conversions were identified during January to March
1969. Both villages had observed increases in ILI during
the periods, but influenza virological data were not avail-
able.

In the second, larger study performed by the same inves-
tigators, similar methods were used to assess new pandemic
H3N2 virus infections.”” A village cohort had sera collected
twice yearly, and 17/277 (6%) of seroconversions occurred
from March to November 1969. Children aged 1-4 years
had the highest seroconversion (15%), followed by children
aged 5-14 years (5%) and persons aged >14 years (5%).
Sera were collected annually from persons in three other
villages, with reported seroconversion from March 1969 to
March 1970 ranging from 20% to 45% among children
aged 5-14 years, and 12-38% among persons aged >14
years.

The Gambia studies also provided data on H3N2 virus
infections during the second wave of the pandemic;
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Table 2. West Africa 1968 pandemic influenza A (H3N2) articles included in review

1968 Pandemic

influenza in Africa |

Specimen
Article and collection Outcome Pandemic H3N2
study type Location Time period definition measured Population attack rate
e Barme M, et al., Senegal May to September  Undefined ILI Symptomatic Unreported Cannot be
Bull Soc Med Afr 1969 influenza virus number of determined
Noire Lang Fr. infection by symptomatic
1969 culture and children and
Cross-Sectional paired serology health care
Survey in a subset workers
e Schild GC, et al., Two rural Village 1: Undefined ILI Symptomatic Village 1: 32 Village 1: 31%
Bull World Gambia November 1968 influenza virus symptomatic (10/32)
Health Organ, villages to March 1969 infection by persons had
1977 paired serology paired serology
Prospective Village 2: January Village 2: 27 Village 2: 22%
Cohort 1969 to March symptomatic (6/27)
1969 persons had
paired serology
e McGregor IA, Four rural Village 1: March Undefined ILI Symptomatic Village 1: 277 Village 1: 6%
et al., Br Med Gambia 1969 to influenza virus symptomatic (17/277)
Bull, 1979 villages November 1969; infection by persons had
Prospective and March paired serology paired serology
Cohort 1970 to Village 1: 312 Village 1: 14%

November 1970

Village 2—4:
March 1969 to
March 1970;
and March
1970 to March
1971

symptomatic
persons had
paired serology
Village 2—4:
unreported
number of
symptomatic
persons had
paired serology
categorized by
age group
Village 2-4:
unreported
number of
symptomatic
persons had
paired serology
categorized by
age group

(43/312)

5-14 years
Village 2: 45%
Village 3: 20%
Village 4: 41%

15+ years
Village 2: 38%
Village 3: 12%
Village 4: 34%

5-14 years
Village 2: 3%
Village 3: 5%
Village 4: 2%

15+ years
Village 2: 3%
Village 3: 6%
Village 4: 5%

Paired serology, acute and convalescent sera; single serology, cross-sectional single serum; ILI, influenza-like illness. Geographic categories are
based on United Nations geographic subregions.*®

between March 1970 and November 1970 seroconversions
ranged from 16% to 23%.>>®

East Africa

Only one article included data on the first wave of pan-
demic influenza in East Africa from 1968 to 1969°°
(Table 3). Testing of paired sera collected from Ugandans
with ILI demonstrated evidence of acute H3N2 virus infec-
tion among 67/88 (76%) persons incarcerated in Soroti

Prison during October 1969, as well as 11/11 (100%) in
Kampala University students in January and February 1969.
Viral culture performed on a subset of specimens collected
from the ILI patients was positive for H3N2 virus in 100%
from Soroti Prison and 25% from Kampala University.
Cross-sectional serologic surveys demonstrated evidence
of prior infection by pandemic H3N2 virus in several
Ugandan cohorts. In West Nile, 19/115 (17%) of serum
specimens collected from a convenience sample of patients

© 2011 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 6, 11-24
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Table 4. Southern Africa 1968 pandemic influenza A (H3N2) articles included in review
Specimen Pandemic
Article and collection Outcome H3N2 attack
study type Location Time period definition measured Population rate
e Becker WB, et al., South Africa May to June Undefined ILI Symptomatic 5 symptomatic 100% viral
S Afr Med J, factory 1969 influenza virus factory workers culture (5/5)
1970 infection by had viral culture and 64%
Prospective culture AND/OR and 14 had paired
cohort paired serology; paired serology serology
and evidence of (9/14)
past influenza 10 symptomatic 90% (9/10)
virus infection unvaccinated
factory workers
had single
serology
10 asymptomatic 50% (5/10)
unvaccinated
factory workers
had single
serology
8 symptomatic 88% (7/8)
unvaccinated
community
members had
paired serology
e Eddy TS, et al., South Africa May to June Trial participation Hospitalization 1254 received 2% vaccinated
S Afr Med J, 1970 factory 1969 with ILI active vaccine (25/1254),
Vaccine and 413 11%
effectiveness received unvaccinated
trial placebo (42/413),
followed for and 4%
hospitalization overall
(67/1667)
e Joosting AC, South Africa March to Respiratory Antibody response 1050 received 0-1% (1/1050)
et al., S Afri Med mine September hospitalization, to influenza virus active vaccine
J, 1971 1969 and paired infection or followed for
Vaccine serology in a vaccination; and influenza-
effectiveness subset of respiratory confirmed
trial participants hospitalization hospitalization
with laboratory 1050 did not 11%
confirmed receive vaccine (12/1050)
influenza and followed
for influenza-
confirmed
hospitalization
60 did not receive 75% (45/60)
vaccine had
paired serology
e lllman D, Trop Zambia August to None reported Evidence of past 112 persons from 36% (40/112)
Geogr Med, September influenza virus the remote
1971 1969 infection by Korekore tribe
Cross-Sectional single serology had single
Survey serology

Paired serology, acute and convalescent sera; single serology, cross-sectional single serum; ILI, influenza-like illness. Geographic categories are
based on United Nations geographic subregions.*?
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Review articles’ Africa 1968 1969 1969 1970 1970
region Ju A S O N D JanF M M J Ju A S O N D JanF M A M J Ju A S O N D
Hosny North m R
Bouguermouh'" North
Barme' West D
Schild West I:l | I
McGregor West I:l | I
Montefiore BWHO East - _
Montefiore TGM East _ -
Salim BWHO East | [
Salim TGM' East -
Becker' Southern
Eddy' Southern m
Other world regions
Australia _ _
United States _ _
Japan _ _

Jul A S O N D Jan F M
1968 1969

M ] Jul A S o N D Jan F M A M ] Jul A S O N D
1969 1970 1970

Figure 2. Timing of peak influenza activity during the 1968 pandemic, Africa and selected other countries.” Note: (i) Peaks in epidemic activity
estimated from review articles. Due to study design differences, comparison of duration of influenza activity between articles and regions is not
possible. Geographic categories are based on United Nations geographic subregions.* (i) BWHO is Bulletin of the World Health Organization, and
TGM is Tropical and Geographical Medicine. (iii) Articles did not report dates of influenza activity for both pandemic waves. (iv) Source for world

region data.*’

were positive for influenza antibodies after a wave of respi-
ratory infections hit the community during November
1969. In Kabale Hospital in January 1970, among a random
sample of staff members and patients attending an outpa-
tient clinic (with unreported symptoms) 16/73 (22%) were
seropositive. In rural Moroto during January 1970, 4/49
(9%) of a random sample of clinic patients and staff were
seropositive. Finally, in Entebe Uganda, 5/12 patients
(42%) who experienced ILI between June and November
1969 were seropositive after their illness.

Four additional articles from East Africa reported sero-
logic studies conducted during and after the second wave of
pandemic influenza outbreaks in Uganda, Tanzania, Kenya,
and Sudan.”>*****” Among hospitalized patients with unre-
ported symptoms, there was serologic evidence of past H3N2
virus infection among 21/57 (37%) in Kenya, 65/90 (72%)
in Tanzania, and 16/73 (22%) and 4/49 (8%) in two differ-
ent Uganda locations. In remote Northern Kenya, seropreva-
lence to pandemic H3N2 virus was 41% (59/144) after the
second wave in July to August 1970.”° Two studies from
Sudan described serologic surveys in 1970 during and after
the second wave of the pandemic.’®” In the first study, 9/33

(27%) of Khartoum University students with ILI had cul-
ture-confirmed influenza; however among a subset with
paired sera, 18/25 (72%) had evidence of acute infection.”®
In another study, among a convenience sample of 200 clinic
patients with blood collected for any diagnostic testing in
May 1970 in Khartoum, there was evidence of prior H3N2
virus infection in 64%.>” Furthermore, 37/50 (74%) Khar-
toum University students with ILI during January through
February 1970 with paired sera analyzed had evidence of
acute H3N2 virus infection.”’

Southern Africa

Four articles were identified from Southern Africa (Table 4).
The first two articles described different aspects of an influ-
enza outbreak investigation among South African factory
workers during the first pandemic wave.””** To investigate
an ILI outbreak in May—June 1969, respiratory specimens,
paired sera, and single convalescent sera were collected from
a variety of subjects for viral culture and serologic testing.>’
Among Bantu factory employees with ILIL, 5/5 (100%) had
culture-confirmed influenza. Among unvaccinated Bantu
factory employees with ILI who had paired sera tested, 7/12
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(58%) demonstrated seroconversion to H3N2 virus. Among
unvaccinated Bantu factory employees with ILI who had sin-
gle sera tested, 9/10 (90%) had evidence of prior H3N2 virus
infection, and 7/8 (88%) community members with ILI also
had H3N2 antibodies.

The second article from this population was a study per-
formed to determine influenza vaccine effectiveness to
decrease hospitalized ILI among ethnic Bantu factory
employees.”” During the same period, 1254 employees
received vaccine against pandemic H3N2 influenza virus
and 413 workers received placebo. Participants were fol-
lowed for ILI requiring hospitalization. Only five of the
workers with ILI had specimens tested by viral culture. All
specimens yielded pandemic H3N2 virus, suggesting that
most of the clinical illness in the entire cohort was also due
to influenza virus infection. The overall proportion of sub-
jects with hospitalized ILI was 4%; and 2% of vaccinated
and 11% of unvaccinated persons were hospitalized.

In a separate vaccine effectiveness study conducted
among South African mine workers during March to Sep-
tember 1969, 1100 persons (of whom 550 received vaccine)
were followed for febrile respiratory illness requiring hospi-
talization from March to September 1969.>> Among unvac-
cinated subjects with paired sera, 75% (45/60) had
evidence of H3N2 virus infection. Overall, influenza-associ-
ated hospitalizations were serologically confirmed in 0-1%
(1/1050) among vaccinated subjects and 1% (12/1050)
among unvaccinated subjects.

Finally, a cross-sectional serologic survey conducted in a
rural Zambia community during August to September
1969 determined that 36% (40/112) of participants had
evidence of H3N2 virus infection.’!

Discussion

We identified differences in timing and geographic activity
of the 1968-1969 influenza A (H3N2) pandemic in African
countries. The onset of peak activity differed by region.
Influenza activity in North, West, and East Africa lagged
behind Europe,*' and countries as close in proximity as
Senegal and Gambia experienced substantial differences in
H3N2 activity. In South Africa, the first wave of the pan-
demic preceded activity in Australia by one month.*' Our
study was not designed to trace the spread of the 1968
pandemic across Africa, and differences in study design
and case ascertainment may bias our findings. Nevertheless,
forty years later, there is still no study that has described
the geographic spread of inter-pandemic or pandemic
influenza in Africa.

The reviewed studies reported high levels of morbidity
attributable to pandemic H3N2 influenza in four different
African regions. While study designs differed, attack rates
during the first wave were consistently above 20%, and

some communities had serologic evidence of infection in
sampled populations up to 76%. These attack rates are
comparable to those found in studies from temperate
regions in North America, Australia, and Europe.** Sero-
logic data from ill outpatients and hospitalized patients
with respiratory disease suggest that a large proportion of
these patients had pandemic influenza. Of sampled ill out-
patients, 22% to 41% in Uganda had evidence of influenza
virus infection, and enclosed populations such as Ugandan
university students and prisoners had greater than 70%
attack rates. Among hospitalized patients, 9% in Uganda to
73% in Egypt had evidence of infection.

The limited data available from the second wave of the
pandemic from 1969 to 1970 also suggest high morbidity
in African populations. Peak cases of ILI in Uganda during
the second wave were about 150% of the 1968-1969 case
counts.”® Laboratory-diagnosed influenza attack rates in
community-based populations ranged from 16% in Gambia
to 41% in Kenya, while 64% of randomly selected outpa-
tients in Sudan had evidence of H3N2 virus infection.
Serologic testing of randomly selected hospital patients
found evidence of H3N2 antibodies ranging from 8% in
Uganda to 72% in Tanzania. By the end of the second
wave, there was evidence that up to 73% of sampled per-
sons in Egypt and 75% of sampled persons in South Africa
had been infected with H3N2 virus since the beginning of
the pandemic.

Strengths and limitations of the review

There were potential biases pertaining to all of the included
studies, as none clearly defined specimen collection criteria
or defined subject recruitment criteria. In addition, as with
all systematic reviews, it is possible that our search meth-
odologies missed relevant articles. Nevertheless, our meth-
ods included sensitive search terms for articles published in
any language from three different biomedical journal data-
bases, and we contacted regional experts to ensure that we
did not overlook any relevant articles. Furthermore, publi-
cation bias is a known problem with systematic reviews. It
is possible that serologic surveys on 1957 or 1968 influenza
pandemics that showed low attack rates were not pub-
lished. Nevertheless, to our knowledge, this is the most
thorough published review of influenza epidemiology
studies from the African continent of this time period.
Cross-reactivity between the pandemic 1957 H2N2 virus
and the pandemic 1968 H3N2 virus (non-specific or detec-
tion of N2 antibody) might have resulted in overestimates
of levels of prior infection in cross-sectional serologic sur-
veys. However, the majority of reviewed studies primarily
assessed paired sera which are more likely to be representa-
tive of acute influenza virus infection. Nevertheless, caution
should be used when comparing data among the different
studies since different assays were used to detect influenza
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Table 5. General recommendations for influenza surveillance and burden of disease studies in Africa during the 2009 H1N1 pandemic

General recommendations

Study design
across the continent.

o Multiple studies in diverse sites will help to better understand geographic and temporal differences in virus activity

e Assess A various outcomes to understand different aspects of influenza-associated disease.
e The most cost-effective and informative design methodologies (serologic surveys and sentinel surveillance) are discussed

in further detail in Table 6.

Population
disease should be well-represented.

e Participant populations should include diverse groups; however persons at increased risk for severe influenza-associated

e Demographic and epidemiologic features of participants should be described in any research report.
o Studies in health care settings (outpatient clinics and hospitals) can help to understand the proportion of severe illness

associated with infection.

o |deally, surveillance populations will be well-described with accurate denominator data for incidence calculations.

Specimen collection
criteria

e Specimen collection criteria should be specified in publications to allow extrapolation of influenza test results to a larger
population. Ideally, specimen collection criteria should be standardized. Consideration should be given to using explicitly

defined influenza-like illness in acute care settings®, and severe acute respiratory illness (SARI) in acute care settings'®.
e Specimen collection criteria should be explicitly described in reports.

Laboratory testing

o Sensitive and specific laboratory tests should be used to diagnose influenza virus infection according to international

guidelines; such as hemagglutination inhibition serological assay and RT-PCR®".
e Results should clearly cite laboratory protocols used as well as thresholds for positive laboratory tests.

Outcomes measured

o Standard surveillance and study outcomes should be used. These include incidence of influenza virus infection (generally

by serology on paired sera), or incidence of symptomatic influenza illness in community, outpatient, or hospital settings
(generally by serology on paired sera or RT-PCR on upper respiratory specimens). In the case of outbreaks of a novel
influenza virus, cross-sectional studies assessing evidence of past influenza virus infection can also be valuable.

e Research and surveillance focus should be on the impact of influenza upon public health, and not merely collection of

specimens for virologic surveillance.

Analysis

o Analysis methods and data used to calculate disease attack rates should be clearly defined and presented in all reports.

e Subgroup analyses of persons at increased risk of influenza-associated disease (age extremes or certain chronic diseases)

should be performed when possible.

Additional analyses
studies or burden of severe illness studies.

e Collection of epidemiologic and clinical data to determine risk factors of disease among persons in community incidence

e Collection of cost of care data as part of influenza burden of illness studies

virus infection. Serologic surveys in communities may
detect asymptomatic and clinically mild infections that are
missed when only outpatients and hospitalized patients are
tested. Finally, while we describe 11 cohorts with greater
than 100 persons tested for evidence of pandemic influenza
A (H3N2) virus infection, the remaining participant
cohorts are small, limiting the interpretation and the gener-
alization of observed attack rates.

There were a surprisingly large number of articles identi-
fied that described influenza morbidity among Africans
during the 1968 influenza pandemic. The 14 articles we
identified can be put into perspective when compared to
the number of influenza epidemiology articles published in
Africa over the last decade. Using a similar methodology to
this review, we could only detect 17 articles published
about influenza in Africans from 1998 through 2008, a per-
iod with increased concern about avian and pandemic
influenza.

Implications

Through mid-August 2010, relatively few cases of 2009
HIN1 had been reported to the World Health Organization
from the African continent.*> While influenza surveillance
capacity has increased in the region since the 1968 pan-
demic, WHO weekly surveillance reports continue to pro-
vide little data from Africa. By most indicators, the 2009
HINI pandemic has been milder than most pandemic
planning assumptions. For example, in New Zealand dur-
ing the summer of 2009, 30 per 1 000 000 persons required
ICU-level care for severe 2009 HIN1 pandemic influenza
associated disease.** Given that severe disease is a relatively
rare event and that Africa has high rates of community-
acquired pneumonia from all causes,” it is possible that
2009 HIN1 activity has already occurred in many African
countries, but was not adequately captured by existing sur-
veillance systems. In South Africa, the country with argu-
ably the most robust influenza surveillance in the
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Table 6. Specific recommendations for influenza surveillance and burden of disease studies in Africa during the 2009 H1N1 pandemic

Influenza virus infection

incidence in the community

Study design

Population

Specimen collection criteria
Laboratory testing
Outcomes measured
Analysis

Burden of severe influenza
iliness
Study design
Population
Specimen collection criteria

Laboratory testing
Outcomes measured
Analysis

Other studies
Vaccine effectiveness

Risk factors of disease

Costs to society

Serologic tests are useful to determine the approximate proportion of persons in a community infected by
influenza virus

e Prospective, paired serologic surveys before and after the first and subsequent waves of the pandemic

e Cross sectional serologic surveys after the first and subsequent waves of the pandemic

o |deally, well described populations with high risk groups over-represented.

e All persons included without specimen collection criteria

e 2009 H1N1 specific hemagglutination inhibition assay

e Evidence of influenza virus infection by serology

e Incidence of infection within a community (population based, if possible), incidence of infection by age group

and by chronic disease diagnosis

Sentinel surveillance in health care settings (outpatient clinics and hospitals) can help to understand the
proportion of severe illness associated with infection.

e Prospective surveillance

e Outpatient clinics and hospitals

e Influenza-like illness for clinic patients

Fever >38:0° AND (cough or sore throat

e Severe Acute Respiratory lliness for hospitalized patients

Fever >38:0° AND (cough or sore throat) AND difficult breathing®

e RT-PCR assay for evidence of active 2009 H1N1 virus infection

o Medically attended, laboratory confirmed, influenza-associated illness

e Incidence of influenza illness requiring outpatient care or hospitalization

)50

e Licensed influenza vaccine compared to inactive comparator vaccine with robust prospective surveillance for
medically attended, laboratory confirmed, influenza-associated illness

e \/accine probe studies; control group can provide data on disease burden

e Collection of epidemiologic and clinical data to determine risk factors for severe disease among persons in
community incidence studies or burden of severe illness studies

e Collection of cost of care data as part of influenza burden of illness studies; direct and indirect costs

Many additional methodologies exist to investigate influenza burden of disease. The above study designs are not exhaustive, but they do repre-

sent the authors’ recommendations for the preferred study methodologies given resource limitations.

continent, severe and fatal outcomes with 2009 HIN1 virus
infection have been documented.*®*’

The studies included in this review provide an overview
of influenza activity in multiple regions of Africa during
the 1968 pandemic. Lessons can be learned from the
reviewed articles to inform recommendations for current
and future investigations of influenza disease burden in
Africa (Tables 5 and 6). A combination of health-care
based surveillance and serologic surveys among populations
with defined denominators are needed to assess the impact
of pandemic and interpandemic influenza in Africa. Ideally,
studies should attempt to estimate the incidence of disease
in the general population as well as among important sub-
groups including clinic patients, hospitalized patients,
urban and rural communities, persons with chronic infec-
tions (e.g. HIV, tuberculosis), and among persons with
other chronic comorbid diseases.

WHO is increasing efforts to coordinate and strengthen
influenza surveillance and research in Africa, however many
challenges remain.*® Regular reporting of influenza surveil-

lance data to public health systems and WHO, as well as
publication of data should be encouraged. This analysis sug-
gests that there was a substantial impact of the 1968 influ-
enza pandemic on Africans. Hence, more data regarding the
burden of seasonal influenza and the 2009 HIN1 pandemic
are needed to inform future public health resource alloca-
tion, prevention, and control strategies in African countries.
In particular, the impact of influenza vaccination in targeted
high-risk groups in Africa should be assessed.

Conclusions

Despite being generally regarded as a mild influenza pan-
demic compared to 1918 HINI or 1957 H2N2, available
published data suggest that the 1968 H3N2 pandemic may
have had a substantial impact upon public health among
African populations. More than one H3N2 wave occurred,
and timing of peak activity varied by geographic region. In
the absence of comprehensive influenza surveillance, utili-
zation of serologic data from cross-sectional and longitu-
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dinal surveys was helpful to assess the extent of H3N2 virus
infection in communities and health care settings.
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